[Auk, Vol. 99 of two species, Mallard (Anas platyrhynchos) and Blue-winged Teal (A. discors), that were observed during 2 yr on a single study area.
The specific purposes of this paper are (1) to evaluate the variation in daily mortality rates in four samples of nests, (2) to determine the importance of variation in estimating hatch rates by the methods listed above, (3) to discuss the appropriate methodologies for evaluating our data, and (4) to recommend methods to researchers studying species with similar characteristics. (Weller 1956 ) were used to estimate the initiation date and the expected hatch date. A "nest" was defined as any clutch found with one or more viable eggs. We assumed that one egg was laid each day, incubation began on the day the last egg was laid, and incubation periods were 25 days for Mallards and 23 days for Blue-winged Teal. We revisited nests during subsequent searches and recorded additional data on nest status, presence of the hen, and flushing response to the cable-chain drag. Hen presence, egg temperature, apparent nest age, appearance of egg fragments, and other evidence were used to determine nest status (still viable or eggs were hatched, destroyed or abandoned). Of 563 clutches that were found, 22 failed because of nest searching operations or other human activities, 9 were abandoned, 263 were destroyed by predators, and 269 hatched. Only clutches that hatched or were destroyed by predators are considered in this paper (Table 1) .
The Mayfield Method of calculating hatch rates.-Mayfield's (1961) Method for calculating hatch rates incorporates the period of time a nest was under observation and vulnerable to loss. He calculated a daily mortality rate (m) by dividing the number of clutches that failed to hatch by the total number of days all nests were under observation and exposed to loss (exposure days, Table 1 ). If the date a nesting attempt failed was unknown, he used as the exposure period half the interval between the last two visits plus the known survival period. [Miller and Johnson (1978) suggested that only 40% of the interval during which a nesting attempt failed be added to the known exposure when that interval was long. We used 50% of the interval in this study because nests were visited approximately every 7 days.] The hatch rate was derived by raising the daily survival rate (s = 1 -m) to a power equal to the average life-span (laying + incubation) of successful clutches. For comparative purposes, we assumed this period to be 34 days for both species [see Mayfield (1961 Mayfield ( , 1975 ) for more complete details on the computations]. This method is based on the assumption that all nests are subject to the same constant daily mortality rate from the day the first egg is laid until the nest is terminated by success or failure. Deviations from this assumption can result in biased estimators; Johnson (1979), however, considered this bias insignificant with as much as a twofold difference in daily mortality rates between subpopulations of nests.
The number of nests found and hatch rates differed sharply between the 2 yr (Table 1) . More nests were found in 1976 when wetland conditions were favorable, but hatch rates Table 2 shows the results of searches made at intervals of 1 week, 2 weeks, 3 weeks, and 4 weeks. The 12 searches conducted at weekly intervals provided the basic data. There are 2 possible search patterns of 6 searches each when searches are conducted at 2-week intervals (weeks 1, 3, 5, 7, 9, and 11; weeks 2, 4, 6, 8, 10, and 12), 3 patterns of 4 searches each for 3-week intervals, and 4 patterns of 3 searches each for 4-week intervals. The number of nests, their average age at discovery, and hatch rates were determined for each search pattern. Values in Table-2 are averages from all possible search patterns in the designated interval.
As expected, more nests are found with more intensive sampling; of greater interest is the decline in hatch rates and average age of nests at discovery when search intervals are shortened. The age of nests found during searches made with a 4-week interval is nearly twice that of the nests discovered with weekly searches. Hatch rates calculated by both the Mayfield and Traditional Methods become increasingly biased with less frequent searches. The Mayfield Method substantially reduces this bias, but, nonetheless, these results imply that the hatch-rate estimate would decline with additional sampling; apparently daily mortality rates are not constant in this sample. Similar trends were noted in the other data sets.
Variation related to age of nest and date.-We sought to estimate daily mortality rates according to age of nest and calendar period and to determine if the variation in daily mortality rates was related to these variables. We determined daily mortality rates for nests in each 5-day age class (1-5 days old, 6-10 days old, etc.) and for each 10-day calendar period (days 110-119 = 19-28 April; 120-129 = 29 April-8 May; etc.). (To avoid confusion, the terms AGE and DATE will appear in capital letters when they refer to the 5-day age classes and 10-day calendar periods.) We calculated the probability of nest losses and exposure days occurring in each category and then determined the daily mortality rates by dividing (see Appendix for details). We followed the latter procedure using the Mallard and Blue-winged Teal data sets in each year and tabulated the results by AGE and by DATE. For example, the overall daily (Table 3 ). Daily mortality rates by AGE and DATE are based on expected exposure and differ slightly from those presented in Table 1 . A graph of daily mortality rate by age of nest suggests that the rate is not constant, but declines among older nests (Fig. 1) . Except for Blue-winged Teal in 1976, the decline is pronounced through the 6-10-day age class, after which the mortality rate becomes fairly constant. Nests from all dates have been combined in this graph, and any effect of DATE would be confounded with the AGE effect illustrated.
The graph of mortality rates plotted by DATE indicates no consistent trends (Fig. 2) 
models, which included linear and quadratic effects of AGE (A and A2), linear and quadratic effects of DATE (D and D2), and the interaction between AGE and DATE (A*D)
. We also fitted joint linear models in AGE (A1 + A2), which involved two straight lines that intersect at the 11-15-day AGE category (e.g. Fig. 1 ). The models were judged by comparing Mean Square Error (MSE) among them and using the significance level of each effect included in the model. Table 4 Hatch rates calculated as the product of age class survival. -When differences occur in mortality rates among nests, hatch rates calculated by the Mayfield Method will be biased high if nests with the highest risk to loss are not proportionately represented in the sample. For example, in our data it appears that nests in the early laying period are at greater risk than those in other age classes. The nests in the 1-5-day age class are underrepresented in our samples, because nest attendance rates are low and mortality rates are high during this stage. In contrast, nearly all nests in the oldest cohort are discovered, because they were present during four or five searches.
To reduce the above-mentioned bias, May-
field (1961, 1975) and Johnson (1979) suggested calculating hatch rates as the product of ageclass survival rates (referred to as the Product
Method in this paper) whenever significant age-related differences in mortality can be recognized. We illustrate how hatch rates can be estimated in the presence of age-related variability by referring to the 1976 Blue-winged Teal data. In order to hatch, a nest must survive 5 days at the 1-5-day rate, 5 days at the 6-10-day rate, and so on, including 4 days at the 31-34-day rate. The probability of hatch is thus, from the bottom of Table 3 When we treated our data in this way, we observed a decline in the estimated hatch rates for all data sets, but especially in the two 1977 samples (Table 1 ). This could be expected, because the Product Method is very sensitive to comparatively low estimated survival rates in any age class. Differences in survival rates between age classes are least variable in the 1976 teal set (Fig. 1, Table 3 ), and the difference in hatch rates calculated by the Mayfield and Product Methods is only 1.2 percentage points. Relatively low estimated survival in the 1-5-day age class in the other data sets results in hatch-rate estimates 3.4-12.8 percentage points lower than the Mayfield rates. Hatch rates calculated by the Intercept Method.-Johnson (1979) presented a method for determining heterogeneity among nests in the situation in which no age-related variation was present. The method involved a linear regression of daily mortality rate against the age of nest at discovery. The rationale for the method is that nests found at early ages would include all subpopulations in approximate proportion to their relative abundance, while nests found at older ages would be increasingly biased toward high-survival subpopulations. The data in the last line of Table 3 can be used to illustrate the method with our 1976 Blue-winged Teal sample. A linear regression of these daily mortality rates against the midpoint of the age intervals yields a slope of -0.00062 and an intercept of 0.0463. The intercept is an estimate of the rate corrected for sampling bias. Raising the value to the 34th power gives an estimated hatch rate for teal in 1976 of only 20.0% (Table  1) , compared to 30.7% by the Mayfield Method.
We believe that the discrepancy between these two estimates is at least partially due to the age-related decline in daily mortality rate, which was demonstrated earlier. Even a completely homogeneous population of nests, if it embodies a change in daily mortality rate with age of nest, will exhibit the features of heterogeneity noted by Johnson (1979) . Careful interpretation is necessary to determine the actual cause.
DISCUSSION
Causes of variability in daily mortality rates.-In our study we detected a decline in daily mortality rates as the age of the nests increased. In three of the four samples, this decline was sharpest during the first 10 days. As an explanation of these results, we propose: the presence of the female at the nest site, differences in vulnerability to predators among nest sites, or both. The amount of time spent on nests appears to have an inverse relationship to daily mortality rates, which suggests that the presence of the hen is a deterrent to some egg predators. Hens spend increasingly more time at the nest site as laying progresses and, except for occasional daytime recesses, are present day and night during incubation. Caldwell and Cornwell (1975) Milne (1974) suggested that the European Eider's (Somateria mollissima) habit of remaining at the nest, even during the laying stage, may have developed from the need to protect eggs against such predators as crows and gulls. Avian predators were not a factor in nest losses during our study, but Franklin's ground squirrels appeared to be fairly common, and 35% of the nests found had a history of missing eggs, which suggested ground squirrel predation.
Observed differences in daily mortality might be related to the differences in vulnerability of nest sites to predation (Ricklefs 1969: [Auk, Vol. 99 6). Nests at high-risk sites are quickly found and destroyed by predators, while attrition at safer sites proceeds at a slower pace. For example, there is some evidence that the vulnerability of nests on our study area was related to the location of nests between the highway pavement and the right-of-way boundary fence (Oetting 1970, Klett, unpubl. data) . We suspect that the traffic flow repels some predators, resulting in high survival rates near the highway, while the boundary fence and associated tow-vehicle track may serve as a travel lane for nest predators.
There are rather strong a priori reasons for suspecting that daily mortality rates might vary with calendar periods. As the nesting season progresses, the physical condition of hens deteriorates, the vegetation in which nests are placed increases in height and density, some predators of eggs change behavior patterns as a result of the birth and development of their young, and alternative foods for the predators (buffer prey) become increasingly available. The net result of all these changes was detectable in only the largest of our four data sets. We think that DATE effects were probably real but of less total magnitude and importance than AGE effects.
Appropriate methodology.-The method most applicable to a nesting study depends on the assumptions that the data satisfy. As mentioned earlier, the Traditional Method is proper if only those nests found on the day of initiation are used. This approach is usually impractical for studying species that conceal their nests, as most nests are found some days after initiation and cannot be used. Some investigators use the Traditional Method to estimate hatch rates of nests found after termination. This procedure is acceptable if the chance of finding these nests is independent of their fate, a condition that is not met if some nests are lost before a recognizable nest structure is built or if nests disheveled by predators are more likely to be found than successful ones (Kalmbach 1938 If daily mortality rate varies by age, then we recommend the Product Method, which is simply the Mayfield Method applied within homogeneous periods. The Product Method does require adequate samples of nests within each age class to ensure proper estimates. This requirement is often difficult to achieve in field studies, particularly for nests of early ages, which, in our study at least, were most vulnerable to predators.
Three of our data sets exhibit a joint linear form with high and decreasing age-related mortality early and, thereafter, low and constant mortality. The fourth data set is better fit by another model but does not differ greatly from the joint linear form. Our method of distributing nest losses and exposure days, within 5-day AGE-DATE categories (Appendix), may have contributed to this linear form of decline in daily mortality rates. The decline might appear curvilinear, as suggested by Klimstra and Roseberry (1975), if it had been possible to calculate rates on a daily basis. The latter authors, who attempted to find all the Bobwhite (Colinus virginianus) nests on their study areas, reported daily mortality rates in the laying stage as 0.0564 for 0-3 eggs and 0.0316 for 4 or more eggs. The rate for nests in incubation was 0.0207. Reed (1975) 
RECOMMENDATIONS
The choice of nesting-study methodology will depend on the habitats, species reproductive characteristics, study objectives, and economic constraints. The species of concern in this study can be characterized as singlebrooded, ground-nesting birds with a long nesting season, large clutches, and precocial young. Nest-survival rates are often low, but the species are indeterminate layers with the capability of renesting when early clutches are unsuccessful. Recommendations that follow are for species with similar nesting habits.
To meet the objective of most studies, nest searches should be made at regular intervals throughout the nesting season to assure that mortality that is related to nest age, seasonal effects, and other influences is adequately sampled. The cable-chain drag is an efficient tool for obtaining large samples of nests on our study area but is of limited value for obtaining adequate samples of nests in the early laying stage.
When the objective is to estimate the hatch rate of all nests initiated with a minimum of bias, efforts should be made to find as many nests as possible in the early stage of laying. Searches should be made approximately weekly throughout the nesting season, especially during those hours when most of the laying occurs. The sample should be large enough to justify an analysis of variance test for AGE and DATE effects; we suggest a sample goal of 100 or more nests. We would use the Mayfield Method if daily mortality is constant or variation is moderate; the Product Method is appropriate if significant age-related variation is present. Variation related to seasonal or habitat differences can be handled by some form of stratification. Studies are often designed to compare hatch rates between different years, habitat types, or treatments. To meet these objectives, we recommend a minimum of 50 nests in each unit to be compared. Searches should be made at 2-or 3-week intervals. These minimum samples would most likely restrict the investigator to the Mayfield Method for evaluation purposes. 
